Background: Dominant negative inhibition of nuclear factor kB (NFkB) signalling activity in a human osteosarcoma cell line (Saos2) results in malignant reversion and the induction of the osteoblast differentiating transcription factor, Runx2/ Cbfa1. This observation suggests that there is an inverse relation between a transcription factor associated with malignant progression and chemoresistance (NFkB) and an osteoblast differentiating transcription factor (Runx2/Cbfa1). Aims: To assess and correlate Runx2/Cbfa1 and NFkB (p65) immunoreactivity in human osteosarcoma. Methods: Runx2/Cbfa1 and NFkB (p65) immunoreactivity was assessed on 11 paraffin wax embedded archival specimens of human primary osteosarcoma by standard immunohistochemical methods and scored on a scale of 0-3. A Pearson correlation analysis between Runx2/Cbfa1 and NFkB (p65) scores was established. Results: Runx2/Cbfa1 was expressed constitutively in all pathology specimens of human osteosarcoma. Of note, a chondroblastic osteosarcoma showed the highest Runx2/ Cbfa1 immunoreactivity. A Pearson correlation did not support an inverse correlation between Runx2/Cbfa1 and NFkB (p65) scores (r = 0.57) in human osteosarcoma. Conclusion: Runx2/Cbfa1 immunoreactivity does not inversely correlate with NFkB immunoreactivity, and thus cannot serve as an indirect measure of NFkB activity or an independent predictive or prognostic indicator. O steosarcoma is the most common primary bone malignancy, with a propensity for pulmonary metastasis and a predilection for paediatric and geriatric age groups. The cornerstone of current clinical management involves high dose neoadjuvant chemotherapy, to which 40-60% of cases are non-responsive. Thus, prognosticating, stratifying, and individualising treatment is crucial for optimal and cost effective management. 1 ''Although the NFkB activation status of a tumour has predictive and prognostic value, it cannot be measured by routine laboratory investigations'' Histopathologically, osteosarcomas are characterised by atypical cells (osteoblasts, mesenchymal cells, fibroblasts, and chondrocytes) enmeshed in a disorganised bony matrix (immature osteoid). We recently showed that dominant negative inhibition of the promalignant transcription factor, nuclear factor kB (NFkB), in a human osteosarcoma cell line (Saos2) results in malignant reversion and the induction of the osteoblast differentiating transcription factor, Runx2/ Cbfa1.
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N It validated the concept that cellular differentiation and transformation are mutually exclusive processes.
N It suggested an inverse relation between a transcription factor associated with malignant progression 4 and chemoresistance (NFkB) 5 and an osteoblast differentiating transcription factor (Runx2/Cbfa1).
Although the NFkB activation status of a tumour has predictive and prognostic value, it cannot be measured by routine laboratory investigations. Our present study was designed to assess whether Runx2/Cbfa1 expression could serve as an indirect measure of NFkB activation status and potential resistance/responsiveness to chemotherapy.
MATERIALS AND METHODS
Thirty five paraffin wax embedded archival specimens of primary osteosarcoma, diagnosed and treated at the University of Rochester Medical Center between 1980 and 2002, were identified from the surgical pathology database. Corresponding clinical information was obtained from medical records. All specimens that were surgical resections of the tumour before neoadjuvant chemotherapy were identified and enrolled in our study. To ascertain sample immunoreactivity, specimens were stained with anti-collagen I antibody (Santa Cruz Biotechnology; Santa Cruz, California, USA) by indirect immunohistochemistry with avidinbiotin peroxidase, as described previously. 6 Eleven specimens were found to be immunoreactive and subsequently stained with Runx2/Cbfa1 and NFkB (p65) specific antibodies (Santa Cruz). Immunoreactive specimens were reviewed and graded by an orthopaedic oncologist (RNR) using a previously established grading system. 6 A Pearson correlation analysis between Runx2/Cbfa1 and NFkB (p65) scores was established.
RESULTS
Although immunoreactivity is not a quantitative measure, we have previously demonstrated significant correlations between tumour subtypes and the immunoreactivity of specific proteins in sample groups as small as six, using the same immunohistochemical staining and analyses techniques. 6 Our results show that Runx2/Cbfa1 is expressed constitutively in all 11 pathology specimens of human osteosarcoma. Of note, a chondroblastic osteosarcoma showed the highest Runx2/Cbfa1 immunoreactivity (fig 1) . A Pearson correlation analysis did not establish an inverse correlation between Runx2/Cbfa1 and NFkB (p65) scores (r = 0.57).
DISCUSSION
Runx2/Cbfa1 is a central regulator of skeletal development. In this respect, Runx2/Cbfa1 coordinately induces cell cycle arrest and bone specific gene expression, leading to osteoblast and chondrocyte differentiation and maturation. 7 8 The genotypic, phenotypic, and morphological changes associated with Runx2/Cbfa1 gene manipulations in vivo reveal a distinct temporal relation between osteoblast and chondrocyte differentiation. Whereas Runx2/Cbfa1 is implicated in early osteoblast differentiation, it plays a role in the later stages of chondrocyte differentiation, maturation, and possibly, endochondral ossification. 8 It follows that although Runx2/Cbfa1 expression is essential for the commitment of preosteoblasts to the osteoblast lineage, additional signals/ factors are required to attain full osteoblast differentiation and maturation. The cooperative interactions between Runx2/Cbfa1 and the retinoblastoma (Rb) tumour suppressor protein is a case in point, which reconciles with the molecular pathogenesis of osteosarcoma. 9 In an Rb2/2 context, such as in 60% of human osteosarcomas, preosteoblasts (committed osteoblasts expressing Runx2/Cbfa1) do not exit the cell cycle, mature, and elaborate organised osteoid. We previously demonstrated that NFkB is involved in the decision matrix that sanctions osteoblast proliferation/transformation and differentiation, given the inverse modulation of Runx2/Cbfa1 expression and responsiveness in a human osteosarcoma cell line. 2 Although this inverse relation was not verified by our clinicopathological study, its validity cannot be ruled out. There is indeed compelling evidence that only a subset of cells within a tumour, so called ''cancer stem cells'', are tumorigenic and possess the metastatic phenotype. 10 11 Thus, it is conceivable that the inverse correlation between Runx2/ Cbfa1 and NFkB is only found in the ''cancer stem cells'', which represent a small subset of the tumour mass.
''Although Runx2/Cbfa1 expression is essential for the commitment of preosteoblasts to the osteoblast lineage, additional signals/factors are required to attain full osteoblast differentiation and maturation'' Thus, we conclude that Runx2/Cbfa1 immunoreactivity in human osteosarcomas cannot serve as an indirect measure of NFkB activation status, or an independent predictor of resistance/responsiveness to chemotherapy. 
